Cauda equina syndrome after regional anaesthesia is a serious and devastating complication. Its occurrence after epidural anaesthesia is rare. We report a 46-year-old male who received epidural anaesthesia for ureterorenoscopic lithotripsy and developed cauda equina syndrome postoperatively. Despite one failed attempt at entering the epidural space with an epidural needle resulting in dural puncture, an epidural catheter was inserted and 20 ml pH adjusted lignocaine 2% with 1:200,000 adrenaline injected via the catheter without untoward event. The possible causes of this complication are discussed. Fortunately, this patient recovered almost completely ten months later.
Cauda equina syndrome is a rare complication of epidural anaesthesia 1 . Acute cauda equina syndrome is a devastating consequence of injury to the spinal roots in the cauda equina. It manifests as incompetence of bowel and bladder sphincters, sexual dysfunction, sacral radicular paraesthesia and variable leg muscle weakness 2 . It is highly unusual for epidural anaesthesia to result in injury to the cauda equina. Therefore, malpositioning of an epidural catheter has been implicated as the cause of this injury. Reynolds described nine possible consequences when an epidural catheter is passed through an epidural needle, these being indicated by aspiration and test dosing and clinical manifestations after the main dose 3 . Epidural catheter malposition may occur more frequently than is commonly supposed, but is not the only cause of cauda equina syndrome. We present a patient who received epidural anaesthesia and manifested symptoms of cauda equina syndrome, possibly as a result of an ischaemic injury or due to injected solution entering two or more anatomical sites.
CASE HISTORY
A 46-year-old male, ASA physical status class 1 patient was scheduled for uretero-renoscopic lithotripsy (URSL) following the diagnosis of left ureteral stone and hydronephrosis. The operation was performed under epidural anaesthesia. The patient was placed in the right lateral decubitus position. A lumbar epidural injection was attempted at the L3-4 interspace with an 18-gauge Touhy needle (Perican, B Braun) via a midline approach with the bevel pointed to the flank. Loss of resistance to air was used to distinguish the epidural space. Upon entering the epidural space, clear fluid was easily aspirated so subarachnoid placement was suspected and the needle withdrawn. A second epidural insertion was attempted in the same space without difficulty, and aspiration tests, with the bevel of the needle pointed cephalad, were negative for cerebrospinal fluid (CSF) and blood. A 20-gauge closed tip, three-lateral eye epidural catheter (Perifix, B Braun) was inserted smoothly 4 cm beyond the tip of the needle.
A test dose of 2% lignocaine with adrenaline 1:200,000 3 ml was injected. There was no evidence of intravascular or subarachnoid catheter placement. The epidural catheter was then taped in place and the patient turned to the supine position. After another negative aspiration test through the catheter for both blood and CSF, another 17 ml pH adjusted 2% lignocaine with adrenaline 1:200,000 (2 ml of 7% bicarbonate solution and 0.1 ml of 0.1% adrenaline added to 18 ml of 2% lignocaine) was injected in 5 ml incre-mental doses. This resulted in sensory block at the T10 level after approximately 10 minutes. Repeated gentle aspiration of the catheter prior to each incremental dose injection did not reveal any CSF or blood. No paraesthesia was elicited during either needle or catheter insertion. Good surgical anaesthesia followed and the patient, in the lithotomy position, had stable vital signs throughout the 40 minutes of the surgical period. On assessment in the postanaesthesia care unit (PACU), the sensory block level had receded to L1 and patient could elevate both thighs without difficulty, but felt a sense of heaviness over the anterior chest wall. Vital signs were normal and he was sent to the ward for continuing care.
The next day the patient complained of a persistent numbness and tingling sensation over the peri-anal, scrotal and sacral regions, as well as numbness over the penis and left medial thigh and difficulty in defaecation. Neurological examination demonstrated a decrease in pinprick sensation bilaterally over the scrotum, perineum, anus and medial thigh, predominantly on the left side. Muscle strength and tone were normal in both thighs and legs. Water cystometrogram (CMG) and electromyelogram (EMG) showed poor compliance of the urinary bladder and detrusor hyporeflexia. Computerized tomographic (CT) scan of the lumbar and sacral spine showed no evidence of herniated intervertebral disc or spinal canal stenosis. Magnetic resonance imaging (MRI) was suggested by the interviewing neurologist, but was rejected by the patient. The patient was discharged 14 days after operation with the diagnosis of cauda equina syndrome with neurogenic bladder. He received regular CMG/EMG reviews and entered a bladder training program for the following ten months. Unfortunately, four months after his operation, he had a transient ischaemic attack with left-sided weakness and numbness. With conservative management, these symptoms subsided after three hours. At the time of writing, he has almost recovered normal neurological status with the exception of a sensation of residual bladder fullness after urination and an unsatisfactory sex life.
DISCUSSION
Lumbar epidural anaesthesia and analgesia are widely used for anaesthesia and postoperative pain control. A large case series consisting of 780,000 epidural anaesthesia procedures described a neurological complication rate of only one per 11,000 cases 1 . However, lumbosacral radiculopathy and cauda equina syndrome after epidural anaesthesia and analgesia have been described from various aetiologies 4 . Among neurological injuries after central neuraxis block, potential aetiologies include direct physical trauma, spinal or epidural haematoma or abscess, ischaemic nerve injury in a patient subjected to prolonged hypotension or hypoxia, and direct neurotoxicity of local anaesthetic, preservatives or other contaminants administered inadvertently 5 .
In our case, no paraesthesia was observed during insertion of either the needle or catheter, thus ruling out direct physical trauma as the cause of injury. Even though direct needle trauma rarely causes longterm neurological sequelae, it usually presents as a radiculopathy 6 . Although we were unable to perform an MRI on this patient, there was no evidence of spinal cord compression on lumbosacral CT scan. Therefore, haematoma, abscess, intervertebral disc lesion and spondylolisthesis can also be excluded as the causes of neurological deficit in this patient. The disposable 2% lignocaine vial used contained no preservative or adrenaline and was supplied by a local pharmaceutical manufacturer (Tai Yu Chemical & Pharmaceutical Co., Taiwan). We added the adrenaline and bicarbonate to the 2% lignocaine solution with caution, under sterile conditions. Further, there were no symptoms or signs of central nervous system infection, so neurological injury in this patient was unlikely to have been contaminant-or preservativeinduced.
Blood pressure, heart rate and SpO 2 were all maintained within the normal range, reducing the likelihood of ischaemic neurological injury. However, a transient ischaemic attack occurred four months after operation and it is possible the patient had vascular pathology of the cauda equina blood supply that predisposed him to ischaemic injury. In addition, 2% lignocaine with adrenaline can synergistically decrease peripheral nerve blood flow by 60% 7 . These results imply that spinal nerves could also be compromised by a combination effect of disease and local anaesthetic with adrenaline. Another possible contributing factor was the surgical position. Schneider and coworkers performed cadaveric examination of the cauda equina and found that the cauda equina may be stretched in the lithotomy position, jeopardizing neural perfusion 8 . Although postoperative problems from the lithotomy position are greatest in patients who experience long surgical procedures and/or who are in poor preoperative physical condition 9 , the possibility that this was a contributory factor in this case cannot be discounted.
In addition to ischaemic injury, a further possible cause of injury is local anaesthetic toxicity. Among the various local anaesthetics, lignocaine appears to have the greatest neurotoxicity potential 10, 11 . Moreover, the addition of 1 ml of 7% sodium bicarbonate to lignocaine raises both the pH and tonicity (from 327 to 470 mOsm) and hypertonicity has been implicated in neurotoxic injury 12 . Alkalinization of the local anaesthetic increases the amount of free base, which may enhance neuronal penetration. This has been reported to contribute to prolonged sensory and motor blockade and could conceivably potentiate neurotoxic damage 13 .
If injury was secondary to local anaesthetic neurotoxicity, the location of the catheter might have contributed. The potential of epidurally administered local anaesthetics to cause localized nerve damage is very low, but the accidental subdural and subarachnoid injection of high doses of local anesthetics is of greater concern 14 . Inadvertent subarachnoid injection of drugs during attempted epidural anaesthesia or analgesia can cause myelopathy or cauda equina syndrome due to the toxic effects of medications, meningitis, spinal cord infarction from anterior spinal artery thrombosis or arachnoiditis 4 . In our patient there was no clinical evidence of subarachnoid injection of medication, such as withdrawal of CSF, autonomic instability during injection of medications, or spinal anaesthesia following injection of a test dose. Moreover, no "total spinal" was noted after a relatively large volume of local anaesthetic was administered. However, CSF aspiration is frequently negative and does not reliably detect catheter migration 15 . In addition, even a large volume of local anaesthetic intrathecally would not necessarily produce a total spinal. In one study, 30 to 40 ml of 1% lignocaine or mepivacaine were deliberately administered intrathecally to achieve total spinal anaesthesia, yet failed to do so uniformly 16 . Furthermore, the catheter might have been located sacrally with the port caudal to the peak of the lumbar lordosis. In combination with the slight hyperbaricity of the local anaesthetic mixture (2% lignocaine with sodium bicarbonate), local anaesthetic could have accumulated in the dependent sacral portion of subarachnoid space 17 . This can result in neurological injury in the cauda equina without the clinical manifestations of "total spinal".
The subdural space is a potential space between the dural and arachnoid membranes, although the chance of entering it during epidural anaesthesia is very low 18 .
Clinical features of subdural block are variable, but typically, the onset time of the sensory block is similar to an epidural block 19 . Motor block can be absent or variable and involve lower extremities, upper ex-tremities, respiratory muscle and cranial nerves 19, 20 . Haemodynamic effects may be minimal or easily treated 21 . After injection of the intended epidural dose, the spread of anaesthetic inside the dural sheath may produce extensive blockade, described as massive epidural anaesthesia. After subdural catheter placement, a forceful injection may enter the subarachnoid space, increasing the risk of toxicity to the cauda equina nerve roots 22 . In this patient, there was no clinical evidence to support subdural injection, because there was a normal response to the intended epidural dose.
A final possibility is that the catheter was positioned in the epidural space, but that part of the injected local anaesthetic was deposited in the subarachnoid space, crossing the dural rent of the previous dural puncture and leading to neurological injury. Hodgkinson reported the possibility of transfer of drug and recommended a 15 to 25% reduction in epidural dosage along with careful monitoring to minimize the risk of high spinal blockade 23 .
In summary, we report a case of cauda equina syndrome following epidural anaesthesia. Lignocaineassociated neurotoxicity resulting from malpositioning of the epidural catheter, the subarachnoid injection of solution from the resited epidural catheter or a combination of patient positioning with pre-existing unrecognised vascular compromise, could have played a role in producing this devastating complication. We emphasize the importance of neurological assessment for postoperative recovery from regional anaesthesia, for the early detection and management of imminent neurological catastrophes.
